Brain endothelium possesses several organ-specific features collectively known as the blood- 
. In addition, pericyte-deficient vessels show 57 abnormal astrocyte end-feet polarization 1 . Thus, pericytes regulate several characteristics of 58 brain vasculature during development and in the adult organism 1, 2 . Whether the non-59 permissive properties of brain vasculature to leukocyte trafficking in the adult organism are 60 regulated by pericytes has not been addressed. Interestingly, increasing evidence points to the 61 role of pericytes in leukocyte extravasation in peripheral organs such as the skin and the striated 62 muscle, and in tumors [3] [4] [5] . 63
Increased vascular permeability to plasma proteins and immune cells accompanies 64 neurological disorders such as MS, stroke and Alzheimer's disease (reviewed in 6, 7 ). In MS, a 65 chronic inflammatory and degenerative neurological disorder 8 , autoreactive lymphocytes 66 infiltrate CNS parenchyma leading to focal inflammatory infiltrates, demyelination, axonal 67 damage and neurodegeneration. This process is accompanied by increased BBB permeability 68 to plasma. However, it is not known whether vascular damage precedes the formation of 69 inflammatory lesions and influences the spatial distribution of demyelinating lesions or whether 70 infiltrating immune cells induce the BBB dysfunction 9, 10 . Although enormous efforts have 71 been made to understand the pathophysiology of autoimmunity in MS, knowledge regarding 72 the pathological changes of CNS vasculature that permit extravasation of auto-reactive 73 leukocytes is still limited 11 . This knowledge gap emphasizes the importance of understanding 74 4 pathological changes at the NVU, which may facilitate entry of autoimmune T-cells as well as 75 the anatomical localization of lesions. 76
In this study, we investigate how pericytes regulate immune cell trafficking into the CNS 77 during homeostasis and neuroinflammation. We show, using a pericyte deficient mouse line 78 Fig. 1a) . To corroborate these 100 findings, we investigated whether strongly reduced pericyte coverage in adult mice leads to 101 changes of LAMs at the protein level. We focused on the expression of VCAM-1 and 102 intercellular adhesion molecule 1 (ICAM-1), which play a major role in the cascade of immune 103 cell transmigration into tissues 12 . We detected a zonated endothelial expression of both LAMs 104 in control mice (Fig. 1a, b) , similar to a published study 13 . In brains of Pdgfb ret/ret mice, the 105 zonated expression pattern was lost and paralleled by a conspicuously stronger staining of 106 VCAM-1 and ICAM-1 (Fig. 1a, b) . Quantification of VCAM-1 and ICAM-1 vessel surface 107 coverage in the cerebral cortex and in the striatum showed a significant increase of VCAM-1 108
and ICAM-1 expression in Pdgfb ret/ret mice compared to controls (Fig. 1c) Fig. 1c, d ). 143
We next analyzed leukocyte populations in blood as well as in primary and secondary 144 lymphoid organs to ensure that the increased number of leukocytes in the brains of pericyte-145 deficient animals is not caused by peripheral alterations. The total cell number in thymus, 146 spleen, axillary and inguinal lymph nodes and blood was determined using an automated cell 147 counter with isolated cells stained for further flow cytometry analysis. The cell number in the 148 thymus, spleen, lymph node and blood was comparable between Pdgfb ret/ret and control mice 149 ( Supplementary Fig. 2a ). Subsequent analysis of leukocyte populations did not show a skewing 150 between Pdgfb ret/ret and control mice in blood, lymph nodes and spleen ( Supplementary Fig. 2b,  151 c, d). However, the spleens of Pdgfb ret/ret mice showed slightly elevated numbers of CD8 + T 152 cells compared to controls (Supplementary Fig. 2c ). There was no difference in the total 153 leukocyte or in the neutrophil count in blood ( Supplementary Fig. 1b) , indicating the absence 154 of systemic inflammation in Pdgfb ret/ret mice. Histological examination of lymphoid organs did 155 not show any differences in the spatial organization of T and B cells ( Supplementary Fig. 2f-h (cortex and striatum) (Fig. 3a) . In sharp contrast to the brain vasculature, the pattern and 172 morphology of spinal cord vasculature appeared similar to control mice (Fig. 3a) . (Fig. 4b) , we adopted an 211 ataxia scoring protocol described by Guyenet et al. 18 . We noticed that Pdgfb ret/ret mice presented 212 with a basal ataxia score of 2 already at day 0, which consisted of kyphosis (score 1) and 213 hindlimb clasping (score 1) ( 4e) and with relatively complete vessel pericyte coverage (Fig. 3) . Assessment of myelin 226 damage after the induction of EAE showed pronounced demyelination in the brains of pericyte-227 deficient mice compared to control animals ( Supplementary Fig. 3e, f (Fig. 4f, g ). The majority of these infiltrates (approx. Pdgfb ret/ret mice compared to controls (Fig. 4g ). In addition, there was a trend towards an 235 increased number of CD4 + T cells in the brains of Pdgfb ret/ret mice ( Fig. 4g ), but no difference 236 in total numbers of neutrophils or B cells (Supplementary Fig. 3g ). In agreement with the 237 clinical deficits and immunohistochemistry, the spinal cord of Pdgfb ret/ret mice was essentially 238 devoid of leukocytes compared to controls ( Fig. 4h, i; Supplementary Fig. 3h (Fig. 5a, b) . Of 252 note, the ataxia score 2 observed in all Pdgfb ret/ret mice before FTY-720 administration was not 253 alleviated by FTY-720 treatment. As expected, the EAE score of vehicle-treated control animals 254 improved by day 25 postimmunization. In addition, FTY-720 treated control mice did not 255 develop EAE (Fig. 5b) . of EAE has been shown to reduce the number of circulating monocytes in addition to T-cells 267 20 , which could explain the significantly reduced myeloid cells in the spinal cord of control mice 268 (Fig. 5d, f) as well as in the brains of both control and Pdgfb ret/ret mice (Fig. 5c, e) . 269
Immunohistochemical analysis confirmed the reduced infiltration of leukocytes into the brain 270 of pericyte-deficient mice after FTY-720 treatment ( Supplementary Fig. 5d) (Fig. 4b, 5b ), all animals carrying two alleles of mutated Pdgfb (Pdgfb ret/ret ) presented with an 285 ataxia score 2, consisting of hindlimb clasping (score 1) and kyphosis (score 1) already at 286 weaning, which remained stable (Fig. 6a) 
CD8
+ T cells ( Fig. 2e and 6d ). In the brains of Pdgfb ret/ret ; 2D2 tg mice, in addition to the 299 13 aforementioned populations, neutrophils and B cells were detected (Fig. 6d) (Supplementary Fig. 1) or Pdgfb ret/ret mice during EAE (Fig. 4e, h) (Fig. 1) , which is accompanied by increased leukocyte entry into 319 the brain parenchyma (Fig. 2) , corroborates and extends these findings. Of note, endothelial 320 cell-cell junctions in pericyte-deficient are closed to plasma proteins 1, 2 indicating that increased 321 leukocyte entry into the brain in pericyte-deficient mice is not due to relaxed cell-cell junctions. 322
However, the molecular composition endothelial cell-cell contacts might be altered, which 323 pericyte coverage and BBB permeability in the brain 1, 2, 14 . Based on previous data on pericyte-346 deficient mice, up to 50 % reduction in pericyte vessel coverage does not lead to overt BBB 347 permeability changes (Fig. 7a) . Notably, an increased infiltration of leukocytes into brain 348 parenchyma has been reported in mouse pups that express one allele of constitutively active 349 PDGFRB, which alter pericyte differentiation 29 (Fig. 4, Supplementary fig. 4 ) and pericyte-deficient animals expressing 374 MOG35-55 specific TCR (Fig. 6 and Supplementary fig. 6, Fig. 7b) 45 . In EAE, a "classical" spinal cord phenotype (ascending flaccid 387 paralysis) can be distinguished from "atypical" EAE with inflammation localized to the 388 cerebrum, cerebellum and brain stem. The underlying mechanisms leading to regional 389 differences in leukocyte extravasation are not well understood. It has been suggested that brain 390 and spinal cord are distinct microenvironments with a distinct inflammatory cell repertoire, 391 including different T cell types and different cytokines 46 . We found that upon induction of 392 autoreactive neuroinflammation, Pdgfb ret/ret , mice succumb to atypical EAE phenotype (Fig.  393   4b ). In addition, Pdgfb ret/ret ; 2D2 tg animals presented fluctuating symptoms of cerebellar ataxia 394 (Fig. 6a) , milder than after the induction of EAE. Histological and flow cytometry analyses of 395 infiltrated immune cells, which showed neuroinflammation localized to the brain in pericyte-396 deficient mice, were in concordance with the clinical deficits (Fig. 4 and Fig. 6 ). We showed 397 that although the vessel pericyte-coverage is reduced in the spinal cord of Pdgfb ret/ret mice 398 compared to controls (Fig. 3b) buffer (pH 7.4) for 1 hour. After two washing steps in distilled water, the tissue blocks were 519 contrasted with uranyl-acetate in distilled water overnight, followed by dehydration with a 520 series of alcohol and embedded in Epon resin. Ultrathin sections (70 nm) were contrasted with 521 lead-citrate and mounted on grids for imaging. Imaging was performed on FEI CM100 522 22 transmission electron microscope (Philips) using an Orius 1000 digital CCD camera (Gatan, 523
Munich, Germany). 524 525
Scoring of demyelination on LFB-PAS stained sections 526
Three LFB-PAS stained sections per animal were assessed for myelination. The scoring system 527 to assess demyelination was adopted from Kim et al. 54 . Demyelination scores for the medial 528 corpus callosum were subjectively evaluated as follows: 0 -fully myelinated; 1 -mild 529 demyelination (≤1/3 affected) in the center; 2 -moderate demyelination (≤2/3 affected) in the 530 center; 3 -no myelin in the center; 4 -demyelination extending to the arch of the medial corpus 531 callosum. Demyelination scores for lateral projections of the corpus callosum were scored as 532
follows: a range from 0 to 3 was used, where 0 equals to normal myelination and 3 indicates no 533 myelin. Raw data was pre-processed using FlowJo followed by transformation in Matlab using cyt2, 564 normalization in R obtaining values between 0 and 1, automated and unsupervised two-565 dimensional cell mapping, dimensionality reduction and visualization by t-distributed 566 stochastic neighbour embedding (t-SNE) 55, 56 . The FlowSOM algorithm was used for 567 automated clustering 57 using the t-SNE map with overlaid mean marker expression values and 568 a heatmap of median expression values 56, 58 . Frequencies for each cluster was identified using 569 R, exported into an excel file and used for further analysis. 
